The objective of this study was to evaluate the effect of population density and row spacing on field yield and other morphological characteristics of two commercial F1 maize hybrids of different biological cycle (Costanza and LG3535) in a four-year period. Field experiments were conducted in a split-split plot design, in two population densities and three types of row spacing, involving single or twin rows. Ten plants from each plot were selected randomly and plant height, ear emergence height, ear length, ear diameter, number of grain rows per ear, grains number per ear, grain weight per ear, spindle weight per ear, and spindle diameter were measured. Grain yield of each plot was measured and field yield, thousand kernel weight and bulk density were calculated. Four years of experimentation clarified that environmental conditions may distort all other effects of the factors studied. This study points out the best combination of plant density and row configuration. High populations and twin or narrow rows (50 cm) were found to be important for maximizing yield of modern maize hybrids. Differences between hybrids were not significant, although Costanza exhibited greater mean field yield performance (14,364 kg/ha). Plant density was a significant factor and yield was increasing from low to high plant population (from 13,900 to 14,527 kg/ha). Plant density and genetic materials affected thousand kernel weights that showed the highest value at low plant density (364 g). Row spacing showed a significant interaction with year. Generally, twin or narrow rows favored many characteristics, especially height characteristics. Plant height reached 320 cm and ear height reached 149 cm. Ear diameter was favored by low plant density. Some ear characteristics were found to be depended on the genotype behavior in the certain environmental conditions. For spindle weight per ear, a total interaction between years, row spacing, hybrids, and plant density was found. For spindle diameter, various significant interactions were found, including years (maximum also in 2009), row spacing, and plant density and also row spacing, hybrids, and plant density. Many correlations were found significant especially between yield and thousand kernel weight, spindle weight per ear, and ear diameter that may prove to be useful for plant breeders.
Introduction
The introduction in cultivation of single maize (Zea mays L.) hybrids and improved techniques of cultivation led to a spectacular increase in yields over the last 40 years. Duvick [1] stated that increased field grain yield of modern hybrids is a result of improved tolerance in abiotic and biotic stresses,
Materials and Methods
Field experiments were conducted in 2009, 2010, 2011, and 2012 in the Technological Education Institute farm of Florina, Greece (40 • 46 N, 21 • 22 E, 705 m a.s.l.). The soil type was Sandy Loam (SL): Sand 61.2%, Silt 27.6%, Clay 11.2% with pH 6.25, and organic matter content 1.29%. Environmental data (mean monthly temperatures in • C and rainfall in mm) based on daily records are presented in Figure 1 .
The experimental design was a split-split plot with four replications. Main plots were the row spacing, subplot was maize hybrids, and sub-subplot was plant density. The plots consisted of (a) single rows with 75 cm row-to-row spacing, (b) single rows with 50 cm row-to-row spacing, and (c) twin rows distanced 25 cm to each other, with 50 cm row-to-row spacing between the sets of twin rows. Two maize hybrids differing in relative maturity (biological cycle-maturity class) were sown, LG 3535 (FAO 500) and COSTANZA (FAO 660). Two plant densities (75,000 and 112,500 plants/ha) were used in each season. Plot sizes were: (a) 3 m × 5 m = 15 m 2 and consisted of four rows of maize in 75 cm row spacing, (b) six rows of maize in 50 cm row spacing, and (c) four twin rows.
Maize seed were sown on 14 May 2009, 7 May 2010, 6 May 2011 and 11 May 2012. The maize hybrids were over-seeded at a double rate and then thinned by hand at the two-leaf stage to achieve the desired plant densities. Nitrogen and P fertilizer (element level) were applied at the same rate of 150 and 75 kg/ha, respectively, at the sowing dates, while additional N (135 kg/ha) was applied when the plants reached 50 cm in height (boot stage). Weed control was ensured using post-emergence herbicides. Irrigation was conducted regularly (usually within a 10-day interval) in order to avoid any water stress level at any growth stage. The experiments were harvested on 25 November 2009 , 17 December 2010 December 2011 and 30 October 2012.
Ten plants were selected randomly from each plot at harvest and plant height (in cm), ear emergence height (in cm), ear length (in cm), ear diameter (in mm), number of grain rows per ear, grains number per ear, grain weight per ear (in g), spindle weight per ear (in g), and spindle diameter (in mm) were measured. Also, grain yield of each plot (in g) was measured and field yield in kg/ha, thousand kernel weight (in g), and weight per liter-bulk density (in g/L) were calculated. Analysis of variance (ANOVA) was performed by SPSS ver. 17, involving all the following factors: Row spacing, hybrid and plant density as fixed effects, year effect (analysis across years), and their interactions with replications as random effects, based on Steel et al. [18] . Means were compared using Duncan Test at p < 0.05. Pearson correlations between all characteristics were also performed. AMMI (GGE) Biplot analysis for interactions were retrieved using the free version of PB Tools, mainly for yield and with most significant factors. Agriculture 2019, 9, x FOR PEER REVIEW  3 of 12 post-emergence herbicides. Irrigation was conducted regularly (usually within a 10-day interval) in order to avoid any water stress level at any growth stage. The experiments were harvested on November 25, 2009, December 17, 2010, December 15, 2011 and October 30, 2012. Ten plants were selected randomly from each plot at harvest and plant height (in cm), ear emergence height (in cm), ear length (in cm), ear diameter (in mm), number of grain rows per ear, grains number per ear, grain weight per ear (in g), spindle weight per ear (in g), and spindle diameter (in mm) were measured. Also, grain yield of each plot (in g) was measured and field yield in kg/ha, thousand kernel weight (in g), and weight per liter-bulk density (in g/L) were calculated. Analysis of variance (ANOVA) was performed by SPSS ver. 17, involving all the following factors: Row spacing, hybrid and plant density as fixed effects, year effect (analysis across years), and their interactions with replications as random effects, based on Steel et al. [18] . Means were compared using Duncan Test at p < 0.05. Pearson correlations between all characteristics were also performed. AMMI (GGE) Biplot analysis for interactions were retrieved using the free version of PB Tools, mainly for yield and with most significant factors.
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Results and Discussion
In modern maize hybrids, field yield increases with plant density until a maximum population is reached, according to the growing environment and after this maximum field yield declines [6] . Tables 1 and 2 
In modern maize hybrids, field yield increases with plant density until a maximum population is reached, according to the growing environment and after this maximum field yield declines [6] .
Tables 1 and 2 summarize our findings on field yield, thousand kernel weight, weight per liter (bulk density), number of grain rows per ear, grains number per ear, ear length, ear diameter, spindle weight per ear, spindle diameter, plant height, and ear height emergence, as well as analysis of variance for the twelve agronomic characteristics across all factors (year, row spacing, hybrid and plant population). Table 1 . Means of each characteristic per factor for: Field yield in kg/ha, thousand kernel weight (in g), weight per liter-bulk density (in g/L), grains weight per ear, number of grain rows per ear, grains number per ear, ear length (in mm), ear diameter (in mm), spindle weight per ear (in g), spindle diameter (in mm), plant height (in cm), ear emergence height (in cm), across all factors (year, row spacing, hybrid and plant population).
Characteristic per Factor
Field Yield The same letters or no letters mean lack of significant differences at p ≤ 0.05. F-probability values: * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001; ns = not significant.
Yield Estimations and Factor Effects
Concerning field yield of the two hybrids (Table 1) , ANOVA showed statistically significant differences for the four years of experimentation (Table 2) , indicating strong interaction of the genotypes with different environmental conditions across years ( Figure 2 ). In Figure 2 , genotypes were also separated for yield favoring years (for each hybrid) by AMMI Biplot analysis. Differences between hybrids were not significant, although Costanza exhibited greater mean field yield performance (14,364 kg/ha) in comparison to LG3535 (14,063 kg/ha). Plant density was a significant factor [3] and yield increased from low to high plant population (from 13,900 to 14,527 kg/ha), but unfortunately, it cannot be separated effectively in principle components. Ipsilandis and Vafias [6] showed that modern hybrids increase their field yield as plant density increases up to a certain limit (>100,000 plants per Ha). Row spacing had a significant interaction with year and the same was evident for hybrid behavior (different yields) across years. Greveniotis et al. [19] showed that maize hybrids of middle to high maturity class (FAO >500 and <700) have almost the same yielding performance (per area unit), which is greater than hybrids of very high maturity class (FAO > 700) or very low maturity class (FAO < 500) because of the limits of the growing period. 
Concerning field yield of the two hybrids (Table 1) , ANOVA showed statistically significant differences for the four years of experimentation (Table 2) , indicating strong interaction of the genotypes with different environmental conditions across years ( Figure 2 ). In Figure 2 , genotypes were also separated for yield favoring years (for each hybrid) by AMMI Biplot analysis. Differences between hybrids were not significant, although Costanza exhibited greater mean field yield performance (14,364 kg/ha) in comparison to LG3535 (14,063 kg/ha). Plant density was a significant factor [3] and yield increased from low to high plant population (from 13,900 to 14,527 kg/ha), but unfortunately, it cannot be separated effectively in principle components. Ipsilandis and Vafias [6] showed that modern hybrids increase their field yield as plant density increases up to a certain limit (>100,000 plants per Ha). Row spacing had a significant interaction with year and the same was evident for hybrid behavior (different yields) across years. Greveniotis et al. [19] showed that maize hybrids of middle to high maturity class (FAO >500 and <700) have almost the same yielding performance (per area unit), which is greater than hybrids of very high maturity class (FAO > 700) or very low maturity class (FAO < 500) because of the limits of the growing period.
Significant interaction was found between row spacing, plant density, and genotypes (maize hybrids), as shown in Table 2 . Robles et al. [20] reported that although there were differences between different genotypes, interaction did not occur. Novacek et al. [21] reported statistically significant differences between hybrids, but interaction between year, population, and row configuration was also present. Our data suggest that increased population stand tends to increase hybrid yielding performance, but not at the same level for all hybrids [6] without being able to separate effectively factors in principle components. Some hybrids perform better in high populations [9] , and this was very clear for both the hybrids used, while row configuration in the most dense spacing (50 cm) had also the same impact in our data set and both hybrids were favored Significant interaction was found between row spacing, plant density, and genotypes (maize hybrids), as shown in Table 2 . Robles et al. [20] reported that although there were differences between different genotypes, interaction did not occur. Novacek et al. [21] reported statistically significant differences between hybrids, but interaction between year, population, and row configuration was also present. Our data suggest that increased population stand tends to increase hybrid yielding performance, but not at the same level for all hybrids [6] without being able to separate effectively factors in principle components. Some hybrids perform better in high populations [9] , and this was very clear for both the hybrids used, while row configuration in the most dense spacing (50 cm) had also the same impact in our data set and both hybrids were favored for almost all characteristics (including yield). Year proved to be the most important factor, because significant differences were present in almost all cases, except of ear emergence height, which seems to be depended on crop stand (plant population). Novacek et al. [21] also showed that there are differences between years in yielding performance of genotypes, and Robles et al. [20] attributed these differences in year-to-year differentiation of environmental conditions, which were also apparent in our results. Tang et al. [22] stated that normalization of density-yield model may remove Genotype x Environment over year interactions for more secure yield estimations, but in our case, the factor interactions were more complex.
Thousand Kernel Weight, Bulk Density and Factor Effects
Concerning thousand kernel weight, differences between hybrids were significant (ranging from 344 to 369 g), as shown also by Testa et al. [23] . Plant density was a significant factor and thousand kernel weight showed the highest value at low plant density (364 g). Row spacing had an extremely significant interaction with year, and the same was clear for hybrid behavior across years and in relation to row spacing, indicating different behavior of genotypes in different environmental conditions. A significant interaction was also found between row spacing and plant density, indicating that row spacing may favor yielding performance within a reasonable plant density limit [6] . These findings are in agreement with Novacek et al. [21] . For bulk density, ANOVA showed that statistically significant differences were present for the four years of experimentation. Row spacing had a significant interaction with year (year 2012 was the most favorable, 709 g/L). Differences between hybrids were significant. Hybrid Costanza showed the highest values (211 g). Novacek et al. [21] showed significant differences only between hybrids and row spacing. It is obvious that the goal of density-independent hybrids, free of environmental and year effects for yield characteristics, was not achieved for the certain genetic materials used in our study [12] .
Number of Grain Rows, Grains Number per Ear, Grains Weight, and Factor Effects
For number of grain rows per ear, ANOVA showed that statistically significant differences were present for the four years of experimentation. Row spacing had a significant interaction with year indicating different behavior of genotypes in different environmental conditions. Differences between hybrids were significant (Costanza reached 16 rows of grains). Testa et al. [23] also found statistical differences between hybrids, and this trait seems to be dependent on the genotypes. For grain number per ear, ANOVA showed that statistically significant differences were present for the four years of experimentation. Row spacing and plant density showed also significant differences. Twin rows showed the highest values (590 grains) and the same was found for low density (601 grains). Haegele et al. [24] reported a kind of interaction between these factors number of grains. In our paper, grain number declined as plant population increased, and this is in agreement with the findings of Zhang et al. [25] . Also, row spacing had a significant interaction with year for grains weight per ear, accompanied by hybrid differences and plant density effects.
Ear Characteristics and Factor Effects
For ear length, ANOVA showed that statistically significant differences were present for the four years of experimentation. Hybrids, row spacing, and plant density also showed significant differences (hybrid Costanza reached 19.3 cm). Significant interaction was found between years, plant density, and row spacing. Similar results have been presented by Bavec and Bavec [26] . For ear diameter, ANOVA showed that statistically significant differences were present for the four years of experimentation. Plant density also showed significant differences for ear diameter. Low plant populations favored this trait (48.3 mm). Interactions were found between row spacing and years and also for row spacing and hybrids. Genotypes affect ear diameter according to many researchers and in some cases year, while plant population and row spacing have been reported without significant differences [26, 27] . In our dataset, row spacing may affect ear diameter, but this depends on the environmental conditions of different years and genotypes used. Generally, lower populations and higher FAO hybrid exhibited greater ear diameter. Ear characteristics showed an unstable behavior depending on year, environmental and field design effects.
Spindle Characteristics and Factor Effects
For spindle weight per ear, a total interaction between years (maximum in 2009, 46.99 g), row spacing, hybrids, and plant density was found, which is important for the part of row spacing, hybrids, and plant density, indicating a different behavior of genotypes in different plant populations, environmental conditions, and row architecture. For spindle diameter, various significant interactions were found, including years (maximum also in 2009, 27.5 mm), row spacing, and plant density and also row spacing, hybrids, and plant density. Maize genotypes and plant density have been reported for affecting spindle diameter with the intimation that environmental conditions may modify these effects [27] . Genotype and year interactions have been also reported as main factor effects by Gozubenli [28] , who also suggested that twin rows may affect positively spindle diameter in comparison to single ones. Generally, our data suggest that spindle characteristics are affected by combinations of various factors, being rather unstable characteristics across years and field designs.
Height Characteristics and Factor Effects
For plant height, ANOVA showed that statistically significant differences were present for the factor's years of experimentation and for row spacing. Twin and narrow rows favored plant height, which reached 320 cm. Turgut et al. [29] reported that plant height is a genetic phenomenon depending on the genotypes used. Row configuration, plant density, and hybrids have been reported as the most significant factors by Novacek et al. [21] . For ear emergence height, ANOVA showed no significant differences for years. Row spacing differences were significant, and interaction was found between row spacing and plant density. Again, twin and narrow rows favored ear height which reached 149 cm.
Novacek et al. [21] reported that year may distort row spacing and plant density effects, while our findings showed that year have no impact on this trait. Plant density in accordance to row configuration, are the only combined factors that may affect ear height. Generally, height characteristics (plant and ear emergence) seem to be strongly affected by row configuration. In case of height characteristics, the combination of density and field design was the most important factor.
Correlations between Characteristics
Correlations in Table 3 showed that there were statistically significant relationships between many characteristics. Yield was significantly correlated (r > 0.6 and r 2 >0.36) to thousand kernel weight (r = 0.647), spindle weight per ear (r = 0.660), and ear diameter (r = 0.707), as well as (lower coefficient correlations) to all other characteristics, showing also a negative correlation to bulk (test or specific) weight. Bulk weight showed low correlation coefficients, except to spindle diameter, which was found to be high. Thousand kernel weight was correlated (r > 0.6 and r 2 > 0.36) significantly to yield, spindle (and ear) weight, and spindle diameter. Ear diameter showed high correlation coefficients to most of the other characteristics.
In a recent research, height of spike emergence was positively correlated to plant height [30] . They also reported positive correlation between number of grains per row and number of cobs per plant, as well as total number of cobs and final plant stand. Maize final plant stands and thousand kernel weight were reported as considerable parameters for final field yield. Our findings were generally in agreement with the research of Bodi [15] for thousand kernel weight, specific weight, and plant height. Many of these relations could help plant breeders for improvement of yield components. 
Conclusions
Four years of experimentation clarified that environmental conditions may distort all other effects of the factors studied, for the 11 out of 12 characteristics. Row spacing had an extremely significant interaction with year, and the same was clear for hybrid behavior across years and in relation to row spacing, indicating different behavior of genotypes in different environmental conditions. A significant interaction was also found between row spacing and plant density, indicating that row spacing may favor yielding performance within a reasonable plant density limit. In order to fully exploit cultivation area, plants must be properly distributed, and in parallel, the genotype density resistance must be assessed. This study points out the best combinations of plant density (stand) and row configuration. High populations (112,500 plants/ha) and twin or narrow rows (50 cm) were found to be important for maximizing yield of modern hybrids. Generally, twin or narrow rows favored many characteristics, especially height characteristics (plant height and ear emergence height). Ear diameter was favored by low plant density. Some characteristics (like ear diameter) were depended on the genotype behavior in the certain environmental conditions. From our results it is obvious that the goal of density-independent hybrids, free of environmental and year effects for yield characteristics, was not achieved for the certain genetic materials used. Many correlations were found significant especially between yield and thousand kernel weight, spindle weight per ear, and ear diameter. These relations could help plant breeders for improvement of yield components. 
